
 
 شبكة المعلومات الجامعية

 التوثيق الإلكتروني والميكروفيلم

                        

 بسم الله الرحمن الرحيم

               
 

  
HANAA ALY  



 
 شبكة المعلومات الجامعية

 التوثيق الإلكتروني والميكروفيلم

 
 

 شبكة المعلومات الجامعية 
  يق الالكتروني والميكروفيلمالتوث

 
HANAA ALY  

 



 
 شبكة المعلومات الجامعية

 التوثيق الإلكتروني والميكروفيلم

 جامعة عين شمس
 لكتروني والميكروفيلمالتوثيق الإ

 قسم
 ن المادة التي تم توثيقها وتسجيلهانقسم بالله العظيم أ

 علي هذه الأقراص المدمجة قد أعدت دون أية تغيرات

 

 يجب أن
 حفظ هذه الأقراص المدمجة بعيدا عن الغبارت

 
 

HANAA ALY  



 
       

 
Effect of Apelin on hepatic dysfunction in a rat model 

of heart failure   

Thesis 

Submitted for partial fulfillment of master degree in Basic Medical Science 
(Medical Physiology) 

 Presented by 

Naema Gomaa Yassin Marey 
M.B., B.Ch. 

Faculty of Medicine - Ain Shams University 
 

Under supervision of  

 Prof. Dr. Ansam Aly Seif 
Professor of Medical Physiology,  

Faculty of Medicine, Ain Shams University 

Assis. Prof. Noha Abdel- Aziz Nassef  

Assistant Professor of Medical Physiology,  

Faculty of Medicine, Ain Shams University 

Assis. Prof.  Manal Said Abd el Hamid  
Assistant Professor of Medical Physiology,  

Faculty of Medicine, Ain Shams University 

Department of Medical Physiology  
Faculty of Medicine - Ain Shams University 

2021 









Acknowledgment 
First and foremost, Thanks to Allah the 

Most Beneficent and Merciful. 

I wish to express my deepest thanks, gratitude and appreciation to Prof. Dr. 
Ansam Aly Seif, Professor of medical Physiology, Faculty of Medicine-Ain 
Shams University, without her insight, encouragement, generous supervision, 
and perceptive remarks this research could not have reached fruition. 

I am deeply thankful to Assis. Prof. Dr. Noha Abdel- Aziz Nassef, 
Assistant Professor of medical Physiology, Faculty of Medicine - Ain Shams 
University, for her great help, outstanding support, active participation and 
guidance. 

I would like to express my deepest gratitude and appreciation to Assis. Prof. 
 Manal Said Abd el Hamid, Assistant Professor of medical Physiology, 
Faculty of Medicine-Ain Shams University, for sugession of the research idea, her 
precious help and beneficial advices throughout this thesis. It has been a great honor 
to work under her supervision. 

The authors acknowledge Prof. Dr. Laila Rashed, Professor of 
Medical Biochemistry and Molecular Biology at faculty of Medicine, Cairo 
university for her assistance in biochemical studies as well as Dr. Sayed 
Abdel Raheem, Professor of Pathology, Faculty of Medicine, Al-Azhar 
University, Cairo, Egypt, for his assistance in histopathological studies. 

Naema Gomaa Yassin 
 

 

 

 

  





List of Contents 
Title       Page No.  

List of Tables ............................................................................................... i 

List of Figures ............................................................................................ iii 

List of Abbreviations .................................................................................. v 

Abstract ..................................................................................................... vii 

Introduction ................................................................................................. 1 

Aim of the Work ......................................................................................... 4 

Review of Literature 

Review Introduction ........................................................................... 5 

Cardiac Hepatopathy ........................................................................ 10 

Apelin ............................................................................................... 19 

Materials and Methods .............................................................................. 37 

Results ....................................................................................................... 51 

Discussion ............................................................................................... 111 

Summary and Conclusion ....................................................................... 127 

References ............................................................................................... 134 

Arabic Summary .........................................................................................  أ 
 



 

i 
 

List of Tables 
Table No.      Title   Page No.  

Table (1): Initial body weight (IBW), final body weight (FBW) and percentage 
change of body weight (% change) in the control group.. ......................... 52 

Table (2): Initial body weight (IBW), final body weight (FBW) and percentage 
change of body weight (% change) in the ISO group. ............................... 53 

Table (3): Initial body weight (IBW), final body weight (FBW) and percentage 
change of body weight (% change) in Apelin group.. ................................ 54 

Table (4): Mean± SEM of initial body weight (IBW), final body weight (FBW) and 
percentage change of body weight (% change) in control, ISO and Apelin 
groups.. ....................................................................................................... 55 

Table (5): Right ventricular weight (RVW), Right ventricular weight index 
(RVW/BW), Left ventricular weight (LVW), Left ventricular weight 
index (LVW /BW), whole heart weight (WHW) and whole heart weight 
index (WHW/BW; ) in the control group. ................................................. 58 

Table (6): Right ventricular weight (RVW), Right ventricular weight index 
(RVW/BW), Left ventricular weight (LVW), Left ventricular weight 
index (LVW /BW) whole heart weight (WHW) and whole heart weight 
index (WH/BW) in the ISO group.. ........................................................... 59 

Table (7): Right ventricular weight (RVW), Right ventricular weight index 
(RVW/BW), Left ventricular weight (LVW), Left ventricular weight 
index (LVW /BW) whole heart weight (WHW) and whole heart weight 
index (WH/BW) in the Apelin group.. ....................................................... 60 

Table (8): Mean± SEM of Right ventricular weight (RVW), Right ventricular weight 
index (RVW/BW), Left ventricular weight (LVW), Left ventricular 
weight index (LVW /BW) whole heart weight (WHW) and whole heart 
weight index (WH/BW) in Control, ISO and Apelin groups.. ................... 61 

Table (9): Liver weights (mg) of control, ISO and Apelin groups.. ........................... 63 
Table (10): Liver weights indices (mg/gm) in control, ISO and Apelin groups.. ......... 64 
Table (11): Mean±SEM of liver weights and liver weight indices  in control, ISO and 

Apelin groups. ............................................................................................ 65 
Table (12): Heart rate (HR), P-R interval , R voltage , QRS duration , observed QT 

interval (QTO) and corrected QT interval (QTc) in the control group.. ..... 68 
Table (13): Heart rate (HR), P-R interval , R voltage , QRS duration , observed QT 

interval (QTO) and corrected QT interval (QTc) in the ISO group.. .......... 69 
Table (14): Heart rate (HR), P-R interval , R voltage , QRS duration , observed QT 

interval (QTO) and corrected QT interval (QTc; msec) in the Apelin 
group. ......................................................................................................... 70 

Table (15): Mean±SEM of heart rate (HR; bpm), P-R interval , R voltage , QRS 
durations , observed QT interval (QTO) and corrected QT interval (QTc) 
in control, ISO and Apelin groups. ............................................................ 71 



 

ii 
 

List of Tables (Cont...) 
Table No.      Title   Page No.  

Table (16): Heart rate (HR), peak tension (PT) Peak tension per left ventricular weight 
(PT/LV), myocardial flow rate (MFR), myocardial flow rate per left 
ventricle (MFR), time to Peak tension (TPT) and half relaxation time 
(HRT) in the control group.. ...................................................................... 75 

Table (17): Heart rate (HR), peak tension (PT) Peak tension per left ventricule 
(PT/LV), myocardial flow rate (MFR), myocardial flow rate per left 
ventricle (MFR), time to Peak tension (TPT) and half relaxation time 
(HRT) in ISO group.. ................................................................................. 76 

Table (18): Heart rate (HR), peak tension (PT) Peak tension per left ventricular 
(PT/LV), myocardial flow rate (MFR), myocardial flow rate per left 
ventricle (MFR), time to Peak tension (TPT) and half relaxation time 
(HRT) in the Apelin group. ........................................................................ 77 

Table (19): Mean±SEM of heart rate (HR), peak tension (PT), Peak tension per left 
ventricular (PT/LV), myocardial flow rate (MFR), myocardial flow rate 
per left ventricle (MFR), time to Peak tension (TPT) and half relaxation 
time (HRT) in the control, ISO and Apelin groups.. .................................. 78 

Table (20): Serum levels of cardiac troponin T (cTnT), alanine transaminase (ALT), 
aspartate transaminase (AST), lactate dehydrogenase (LDH) and apelin  in 
the control group. ....................................................................................... 83 

Table (21): Serum levels of cardiac troponin T (cTnT), alanine transaminase (ALT), 
aspartate transaminase (AST), lactate dehydrogenase (LDH) and apelin  in 
the ISO group.. ........................................................................................... 84 

Table (22): Serum levels of cardiac troponin T (cTnT), alanine transaminase (ALT), 
aspartate transaminase (AST), lactate dehydrogenase (LDH) and apelin  in 
the Apelin group.. ...................................................................................... 85 

Table (23): Mean±SEM of serum levels of cardiac troponin T (cTnT), alanine 
transaminase (ALT), aspartate transaminase (AST), lactate dehydrogenase 
(LDH and apelin  in the Control, ISO and Apelin groups.. ........................ 86 

Table (24): Hepatic tissue levels of APJ receptors, malondialdehyde (MDA), reactive 
oxygen species (ROS) and cytochrome C  in the Control group.89  

Table (25): Hepatic tissue levels of APJ receptors, malondialdehyde (MDA), reactive 
oxygen species (ROS) and cytochrome C in the ISO group. ..................... 90 

Table (26): Hepatic tissue levels of APJ receptors, malondialdehyde (MDA), reactive 
oxygen species (ROS) and cytochrome C  in the Apelin group.. ............... 91 

Table (27): Mean±SEM of hepatic tissue levels of APJ receptors, malondialdehyde 
(MDA), reactive oxygen species (ROS) and cytochrome C in Control, ISO 
and Apelin groups.. .................................................................................... 92 

 

  



 

iii 
 

List of Figures  
Fig. No.      Title   Page No.  

Figure (1): The suggested mechanisms of the cardiohepatic interactions. ......................... 6 
Figure (2): The hepatic acinus within the hepatic lobule.  ............................................... 8 
Figure (3): Pathogenesis of hypoxic hepatopathy ......................................................... 16 
Figure (4): Protolytic cleavage of apelin ...................................................................... 21 
Figure (5): Mechanisms of the positive inotropic effects of apelin. ................................ 24 
Figure (6): The interactions between apelin/apelin receptor with ACE2 of the renin 

angiotensin system. ................................................................................... 26 
Figure (7): The role of apelin in heart failure.. .............................................................. 28 
Figure (8): Down-regulation of renin-angiotensin system (RAS) by apelin in COVID-

19 disease. ................................................................................................ 35 
Figure (9): Isometric force transducer and the recorder ................................................. 45 
Figure (10): Mean± SEM of i) initial body weight (IBW; gm), ii) final body weight 

(FBW; gm) and iii) percentage change of body weight (% change) in 
control, ISO and Apelin groups. ................................................................. 56 

Figure (11): Mean± SEM of  i) Right ventricular body weight ratio (RV/BW), ii) Left 
ventricular body weight ratio (LV/BW) and iii) Whole heart body weight 
ratio (WH/BW) in control, ISO and Apelin groups.  .................................... 62 

Figure (12): Mean±SEM of a) liver weights (mg) and b) liver weight index (mg/gm) in 
Control, ISO and Apelin groups. ................................................................ 66 

Figure (13): Mean± SEM of  i) ECG recorded heart rate (bpm), ii) P-R interval (msec), 
iii) R voltage (µv), iv) QRS durations (msec), v) Observed QT (QTo) 
interval(msec) and vi) Corrected QT (QTc) interval (msec) in control, ISO 
and Apelin groups.. ................................................................................... 72 

Figure (14): ECG tracing in the control, ISO and Apelin groups.. ................................... 73 
Figure (15): Mean± SEM of  i) in vitro heart rate (bpm) ii) Peak tension (gm) and iii) 

Peak tension per left ventricular weight (gm/100 mg) in the control, ISO 
and  Apelin groups. ................................................................................... 79 

Figure (16): Mean± SEM of  i) Time to peak tension (TPT, msec) and ii) half relaxation 
time (HRT, msec) iii) myocardial flow rate (MFR, ml/min) and iv) 
myocardial flow rate per left ventricular weight (MFR/LV, ml/min/100mg) 
in the control, ISO and Apelin groups. ........................................................ 80 

Figure (17): Tracing of the peak developed tension in a) Control group, b) ISO group, c) 
Apelin group. ............................................................................................ 81  

Figure (18): Mean± SEM of the serum levels of i) cardiac troponin T (cTnT, pg), ii) 
alanine transaminase (ALT, u/L), iii) aspartate transaminase (AST, U/L), iv) 
lactate dehydrogenase (LDH, U/L) and v) apelin (ng/ml) in Control, ISO 
and Apelin groups.. ................................................................................... 87 



 

iv 
 

List of Figures (Cont...)  
Fig. No.      Title   Page No.  

Figure (19): Mean± SEM of hepatic tissue levels of i) Apelin receptors (APJ receptors; 
relative expression), ii) Malondialdehyde (MDA; nmol/gm), iii) Reactive 
oxygen species (ROS; unit) and iv) Cytochrome C (ng/gm) in Control, ISO 
& Apelin groups. ............................................................................................... 93 

Figure (20): Graphs showing correlation coefficient (P), Regression lines (R) and 
coefficients of determination (R2) between peak tension per left ventricle 
(PT/LV) and a) MFR/LV, b) APJ receptors, c) ALT and d) AST in Control, 
ISO & Apelin groups.. .............................................................................. 94 

Figure (21): Graph showing correlation coefficient (P), Regression lines (R) and 
coefficients of determination (R2) between cardiac troponin T (cTnT) and a) 
PT/LV, b) APJ receptors in Control, ISO & Apelin groups. .........................   95 

Figure (22): Graph showing correlation coefficient (P), Regression lines and coefficients 
of determination (R2) between cardiac troponin T (cTnT) and a)AST, b) 
ALT, c) LDH,  d) hepatic (MDA), e) hepatic cytochrome C in Control, ISO 
& Apelin groups. ...................................................................................... 96  

Figure (23): Graphs showing correlation coefficient (P), Regression lines (R) and 
coefficients of determination (R2) s between hepatic cytochrome C and 
liver enzymes a) ALT, b) AST and c) LDH in Control, ISO & Apelin 
groups. ..................................................................................................... 97  

Figure (24): Graphs showing correlation coefficient (P), Regression lines (R) and 
coefficients of determination (R2) s between hepatic MDA and liver 
enzyme a) ALT, b) AST, c) LDH and d) hepatic Cytochrome C in Control, 
ISO & Apelin groups. ............................................................................... 98 

Figure (25): Graphs showing correlation coefficient (P), Regression lines (R) and 
coefficients of determination (R2) s between serum apelin and a) PT/LV and  
b) MFR/LV  in Control, ISO & Apelin groups. ........................................... 99 

Figure (26):  Graphs showing correlation coefficient (P), Regression lines and 
coefficients of determination (R2) s between serum apelin and   a) hepatic 
tissue level of MDA, b) cytochrome C, c) serum levels of   ALT, d) AST,  
e) LDH and f) cTnT in Control, ISO & Apelin groups.  ................................ 100 

Figure (27): Graphs showing correlation coefficient (P), Regression lines and 
coefficients of determination (R2) s between hepatic tissue levels of APJ 
receptors and serum levels of liver enzymes a) ALT, b) AST and c) LDH in 
Control, ISO & Apelin groups. ................................................................ 101 

Figure (28): Heart sections of control group.. ............................................................... 104 
Figure (29): Heart sections of ISO group.. ................................................................... 105 
Figure (30): Heart sections of Apelin group. ................................................................ 106 
Figure (31): Liver sections of   the control group. ......................................................... 107 
Figure (32): liver sections of ISO group ...................................................................... 108 
Figure (33): Liver sections of Apelin group. ................................................................ 109 
Figure (34): Other Liver sections of Apelin group. ....................................................... 110 



 

v 
 

 List of abbreviations 
Abb.            Full term  

ACE ………………………………..          Angiotensin-converting enzyme                               
ACE2……………………………….          Angiotensin-converting enzyme 2     
ALT…………………………………          Alanine transaminase  
Ang I………………………………...         Angiotensin I 
Ang II………………………………..         Angiotensin II 
ARBS………………………………..         Angiotensin receptor blockers  
AST………………………………….         Aspartate transaminase   
AT1R………………………………. .        Angiotensin II type 1 receptor 
AV node……………………………           Atrioventricular node 
CHC……………………………….…        Chronic hepatitis C 
cTnI………………………………….        Cardiac troponin I 
cTnT…………………………………       Cardiac troponin T  
Cx43…………………………… ….          Protein connexin 
BKCa……      Large Conductance Calcium-Activated Potassium Channels 
BNP ………………………………            Brain natriuretic peptide 
ECG………………………………….        Electrocardiogram   
eNOS………………………………..         Endothelial nitric oxide synthase 
FBW…………………………………        Final body weight 
FoxO1………………………………          Forkhead box O1 
GPCRs………………………………         G protein-coupled receptors 
HCC…………………………………         Hepatocellular carcinoma 
HF…………………………..……….         Heart failure                                                             
HIF-1α ………………………………         Hypoxia inducible factor–1α 
HR……………………………………        Heart rate 
HRT …………………………………         Half relaxation time  
HSCs…………………………………        Hepatic stellate cells 
IBW………………………………….         Initial body weight 
ICU…………………………………..         Intensive care unit    
IK+1……………………………             Inward rectifier potassium currents 
INa…………………………………            Inward sodium current   
ISO………… ……………………..              Isoprenaline 
I/R…………………………………            Ischemia reperfusion 
KHB…………………………………         Krebs-Henseleit Bicarbonate    
L-Arg/NOS/NO…………         L-arginine/nitric oxide synthase/nitric oxide 
LDH…………………………………         Lactate dehydrogenase 
L-NAME……………………….........         NG-nitro-L-arginine methyl ester 


